Ziegler12 in 1951 recorded the electrocardiograms of normal inifants and children ranging in age from birth to 16 years. Using only standard and unipolar extremity leads, he studied 250 children initially. Later complete electrocardiograms were taken oln 300 children with the 3 standard extremity leads, augmented unipolar leads, and 6 unipolar precordial leads. Electrocardiogranms of 137 children suffering from airway obstruction diagnosed as bronchial asthma are evaluated and compared with those of Ziegler's normal group.
Methods and Materials A 13-lead electrocardiogram taken with a directwriting instrument (General Electric Cardioseribe) was obtained on 137 asthmatic children in residence at the Jewish National Home for Asthmatie Children, Denver, Colorado. The patients had intractable bronchial asthma, which had not responded well to medical management prior to removal from home. Patients with acute severe obstruction were not studied until their airway obstruction lessened.
All electrocardiograms were recorded with the patient in the supine position. With the exception of the routine asthmatic regimeni, no other medications were used. Ages of the patients ranged from 5 to 16 years. Table 1 shows the relationship between age and sex, and duration of symptoms.
The cardiac rate, duration of P wave, P-R interval, QRS complex, P-T interval, the amplitude of P waves, R waves, and S waves, and the time of onset of the intrinsicoid deflection were measured. The widest P wave, QRS complex, P-R interval, and Q-T interval were chosen for the measurement of the duration, as described by Ziegler. All data were subjected to the "t test" for unpaired data* in order to determine their statistical significance. Probability of less than 0.05, the usual level accepted for significance of biologic phenomena, indicated that the groups most likely did not come from the same population. For simplicity, only significant data have been presented.
Results

P Waves
The mean values of the amplitude of the P waves were lower in all the leads in all age groups of asthmatic children than in normal children.
Statistically significant results were found in all leads except lead III (table 2) . There was also some prolongation of the P waves in the younger age groups (table 3) .
R Waves
The R waves were lower in almost all leads in all age groups of asthmatic children than in normal children. This difference was especially pronounced in the precordial leads (table 4). Significant differences were found in leads I, aVL, V3, V4, and V5 in all age groups.
S Waves
There were no significant differences in the amplitude of S waves in the limb leads. In all age groups, however, the S wave in aVR was significantly smaller in the asthmatic children. In the right precordial leads, the asthmatic children showed a decreased amplitude of the S waves, which became significantly deeper in all age groups in the left precordial leads (table 5) . When compared with normal children, the difference was statistically valid particularly in leads V2, V4, and V5.
Intrinsicoid Deflection
The onset of the intrinsicoid deflection was delayed in the right precordial leads (V1 and V2) in all age groups of the asthmatic children; however, no significant difference was demonstrated in the left precordial leads, (V5 and V6) as shown in table 6.
Duration of QRS Interval
No difference was found in the 5 to 8-yearold group, but significant difference was demonstrated in the 8 to 12 and 12 to 16-year-old groups (table 7) .
Heart Rate, Duration of P-R and Q-T Intervals
The heart rates, particularly in older age groups, were more rapid in asthmatic children Circulation, Volume XXII, July 1960 Wilson'6 suggested the following factors as being theoretically responsible for lower voltage: lower potential produced by a diseased condition of heart muscle; accidental neutralization of effects of different parts of the heart; and changes in conductivity of tissues adjacent to the heart. The electrocardiograms of astlhmatic children showed generalized low voltage of R waves as part of the effect of decreased pulmonary conductivity.
S Waves
If the excitatory process were still spreading through some part of the ventricular wall when the intrinsicoid deflection occurred, the negativity of the ventricular cavity should outlast this deflection and the S wave should be inscribed. In asthniatic children, S waves over the left precordium were remarkably deep in comparison with normal children (table 5) . In right ventricular hypertrophy generally speaking, S waves are relatively prominent over the left precordial leads. Such changes mav not be specifically diagnostic since they could be the result of simple rotation of a normal heart. It seems plausible, however, that the abnormally deep S waves in left precordial leads in asthmatic children may constitute an early sign of right ventricular hypertrophy.
Intrinsicoid Deflection
The intrinsicoid deflection is recorded when the activation wave reaches the subepicardial muscle of the heart underlying the exploring electrode. ' Heart Rate and Duration of P-R and Q-T Intervals
Heart rates were increased in the older asthmatic age groups (table 8), but the clinical significance of this finding is not clear. Although the duration of P-R and Q-T intervals became longer with inereasing age in both asthnmatic and normal children, there was no significant difference betweenl the 2 groups.
Electrocardiographic Position of the Heart
In 1952 Goodwin'8 charted the electrocardiographic position of the heart ini 53 healthy children from 16 months to 15 years in age. The heart assumed the intermediate position in 29 cases (55 per cent), vertical position in 21 cases (40 per cent), and horizontal position in 3 cases (5 per cent). There was a great discrepancy between these cases and our asthmatic children (table 10) .
The asthmatic child thus has a inuch greater tendency toward a vertical heart, perhaps associated with the displacement of the diaphragm resulting from early emphysema.
Summary
Electrocardiograms of 137 asthmatic children, 5 to 16 years in age, were compared with findings in normal children.
The following deviations from normal were found: lower voltage and longer duration of P waves in all leads; lower voltage of R waves in all precordial leads and almost all limb and unipolar leads; deeper S waves over left precordial leads; slight delay of intrinsicoid deflection in right precordial leads, but no difference in left precordial leads; somewhat increased duration of QRS complexes; increased heart rate in the older age groups, but no differences in P-R and Q-T intervals; predominantly vertical electrocardiographic position of the heart.
These 
